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VARIABLE RELUCTANCE TYPE ANGLE
DETECTOR

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2005-299773 filed Oct. 14, 2005. The entire

content of this priority application 1s incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a variable reluctance type angle
detector comprising a rotor having such a shape that a gap
permeance varies 1n a sine wave fashion with respect to an
angle 0, the rotor being rotatable with respect to a stator 1n
which an excitation wire and an output wire are wound
around tooth members.

2. Description of the Related Art

As a conventional variable reluctance type angle detector,
the one having a rotor provided rotatably inside a stator 1s
known. The stator has a stator core provided with twelve tooth
members, for example, projecting mmward and disposed 1n a
circle. An excitation wire and a two-phase output wire are
wound around each of the tooth members of the stator core.

The excitation wire 1s wound around each of the tooth
members 1n such a manner that a polarity 1s alternated suc-
cessively along a circumierential direction. The excitation
wire wound around each of the tooth members forms an
excitation coil. The two-phase output wire 1s wound around
the tooth members so as to obtain a SIN output and a COS
output that are different 1n phase from each other by 90°. The
two-phase output wire wound around each of the tooth mem-
bers forms an output coil. The rotor has such an outer shape
that a gap permeance between the rotor and the stator varies in
a sine wave fashion with respect to an angle 0. When the rotor
rotates, an excitation voltage supplied to the excitation wire 1s
outputted from one of the output wires as a COS output
voltage while being outputted from the other output wire as a
SIN output voltage. Such variable reluctance type angle

detector 1s disclosed 1n JP-A-H8-178611, for example.

Shown in FIGS. 5 and 6 1s one example of the conventional
winding structure. In the winding structure, an excitation wire
93 and an output wire 94 are wound around twelve tooth
members 91 1n the form of two layers. A stator core consti-
tuting each of the tooth members 91 1s provided with an end
insulator 92. The end insulator 92 provides an insulating
coating on the tooth members 91. The excitation wire 93 1s
wound around the twelve tooth members 91 positively and
negatively.

As the output wire 94, the one outputting a COS output
voltage and the one outputting a SIN output voltage are used.
The output wires 94 are wound around predetermined tooth
members 91 to achieve a COS output and a SIN output
depending on the number of the positive windings and the
number of negative windings. Either one of the COS output-
ting or SIN outputting output wires 94 1s wound around each
of the predetermined tooth members 91. The type of the
output wire 94 and the number of the positive windings or
negative windings on the tooth member 91 are appropriately
set, and these settings are omitted in FIG. 5. The excitation
wire 93 1s wound around each of the tooth members 91. The
output wire 94 1s wound from the outside of the excitation
wire 93.
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As shown 1n FIG. 6, the excitation wire 93 and the output
wire 94 are wound around the tooth members 91 from outside
the end 1nsulator 92 as two layers. Though not shown 1n FIG.
6, cach of the excitation wire 93 and the output wire 94 1s
coated with an enamel layer. The enamel layer prevents elec-
trical short which 1s otherwise caused between the excitation
wire 93 and the output wire 94.

As shown 1in FIGS. 7 and 8, projections 96 are provided on
an outer periphery of the end insulator 92. Winding start
portions and winding end portions of the excitation wire 93
and the output wire 94 wound around the tooth members 91
are tied to the projections 96. Crossovers of the excitation
wire 93 or the output wire 94 for gaps between the adjacent
tooth members 91 are also tied to the projections 96. In the
winding start portions, the winding end portions, and the
crossovers, the excitation wire 93 and the output wires 94 are
brought 1nto contact with each other and the excitation wire

93 1s brought 1nto contact with 1itself or the output wire 94 1s
brought into contact with itself.

In the above-described conventional variable reluctance
type angle detector, mnsulation for the contact portions
between the excitation wire 93 and the output wire 94, the
contact portions of the excitation wire 93, and the contact
portions of the output wires 94 are ensured by the enamel
layers which are skin portions of the excitation wire 93 and
the output wires 94. In general, along with an increase in

contact portion between wires, a probability for occurrence of
insuificient insulation 1s increased. As one of the causes for
the insuificient nsulation, stripping of the enamel layer 1s
considered. Also, the enamel layer can be stripped off with
time by vibration or the like during use. The incipient failure
due to the 1nsutficient insulation reduces a yield of product.
The msuilicient insulation with time deteriorates reliability of
the product.

SUMMARY OF THE INVENTION

This mvention was accomplished 1n view of the above-
described background. An object of this invention 1s to pro-
vide a variable reluctance type angle detector with high 1nsu-
lation reliability.

Other objects and effects of this mvention will become
apparent from the following detailed description.

A vanable reluctance type angle detector according to this
invention comprises a rotor having such a shape that a gap
permeance varies 1n a sine wave fashion with respect to an
angle 0, the rotor being rotatable with respect to a stator 1n
which an excitation wire and an output wire are wound
around a plurality of tooth members disposed 1n a circle. The
stator 1s provided with an end insulator for msulating and
covering the tooth members. The end insulator 1s provided
with a partition for mnsulating and separating the excitation
wire from the output wire wound around the tooth members in
a radial direction of the stator.

The excitation wire and the output wire are wound around
the tooth members of the stator from outside the end insulator.
In each of the tooth members, the partition insulates and
separates a part for winding thereon the excitation wire from
a part for winding thereon the output wire 1n the radial direc-
tion of the stator. The excitation wire and the output wire are
wound around the parts insulated and separated by the parti-
tion. With such constitution, the excitation wire and the out-
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put wire are reliably insulated from each other. Therefore,
reliability of insulation of the variable reluctance type angle
detector 1s enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view showing a main structure of a variable
reluctance type angle detector 1 according to one embodi-
ment of this invention.

FI1G. 2 1s a sectional view showing the I-1 section of FIG. 1.

FI1G. 3 1s a partially enlarged view of FIG. 1.

FI1G. 4 1s an enlarged side view as viewed from an arrow 111
of FIG. 3.

FIG. 5 1s a plan view showing a main structure of a con-
ventional variable reluctance type angle detector.

FIG. 6 1s a sectional view showing the V-V section of FIG.
5.

FIG. 7 1s a partially enlarged view of FIG. S.

FIG. 8 1s an enlarged side view as viewed from an arrow VI

of FIG. 7.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

Hereinafter, this invention will be described 1n detail with
reference to the drawings and based on preferred embodi-
ments.

Shown 1n FIG. 1 1s a main structure of a variable reluctance
type angle detector 1 according to one embodiment of this
invention. As shown in FIG. 1, the vanable reluctance type
angle detector 1 1s provided with a stator 7 and a rotor 8
disposed rotatably at the center of the stator 7. The stator 7 has
twelve tooth members 2 disposed 1n a circle and projected
inward. Insulating coating by an end insulator 3 1s provided
on the tooth members 2. An excitation wire 4 and output wires
5 and 6 are wound from the outside of the end insulator 3.

As shown 1n FIG. 1, an overall outer shape of the stator 7 1s
substantially in the form of a ring. The twelve tooth members
2 project radially inward from an inner periphery of the stator
7. The stator 7 has a stator core and the end insulator 3. The
stator core 1s formed by pressing a steel plate having a pre-
determined thickness into the shape shown 1n FI1G. 1 and then
integrally fixing a stack of a plurality of such steel plates by
caulking or the like. Since the stator core 1s covered with the
end 1nsulator 3, the stator core 1s not shown in FIG. 1. The end
insulator 3 provides insulating coating on the twelve tooth
members 2 of the stator core. The excitation wire 4 and the
output wires S or 6 are wound from the outside of the end
insulator 3. Thus, a coil 1s formed on each of the tooth mem-
bers 2.

As shown 1n FIG. 1, an overall outer shape of the rotor 8 1s
substantially 1n the form of a ring. An outer periphery of the
rotor 8 has such a shape that a gap permeance between the
rotor 8 and the stator 7 varies 1n the form of a positive sine
wave with respectto an angle 0 1n a direction of rotation of the
rotor 8. Like the stator core, the rotor 8 1s formed by pressing,
a steel plate having a predetermined thickness into the shape
shown 1n FIG. 1 and then integrally fixing a stack of a plural-
ity of such steel plates by caulking or the like. Though the
rotor 8 of this embodiment 1s of a so-called axial double angle
of 7X type having projections at seven points on an outer
periphery, the axial double angle of the rotor of this invention
1s not particularly limited, and 1t 1s possible to arbitrarily

select any one of 1X, 2X, 3X, 4X, and the like.

The end insulator 3 1s formed of a pair of members sand-
wiching the stator core from axial directions. Only one of the
members 1s shown 1n FIG. 1, and the other member has the
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substantially same shape. The end insulator 3 has the shape
which 1s substantially the same as the stator core as viewed 1n
the plan view. The end insulator 3 1s obtainable by molding a
synthetic resin having insulating property, for example. The
end 1nsulator 3 provides the msulating coating on the twelve
tooth members 2 of the stator core as well as yoke portions
between the adjacent tooth members 2. A projection 30 1s
formed on the end 1mnsulator 3. The projection 30 projects 1n a
radially outward direction of the stator 7. Generally, the pro-
jection 30 1s provided with terminals 31 which are used for
maintaining electrical connection with the excitation wire 4
and the output wires 5 and 6.

FIG. 2 1s a sectional view taken along the line I-1 FIG. 1 and
shows a section structure of the end insulator 3 1n each of
tooth members 2. In FIG. 2, the right hand side 1s a radially
inward part of the stator 7 (hereinafter simply referred to as
radially inward part) and the left hand side 1s a radially out-
ward part of the stator 7 (hereinafter simply referred to as
radially outward part). As shown 1n FIG. 2, the end insulator
3 has an 1mnner support 32, an outer support 33, and a periph-
eral coating 34. The mner support 32 supports the coil 1n the
radially inward part of the tooth member 2. The outer support
33 supports the coil 1n the radially outward part of the tooth
member 2. The peripheral coating 34 covers a peripheral
surface (end face) of the tooth member 2 between the 1nner
support 32 and the outer support 33. The inner support 32 and
the outer support 33 are disposed apart from each other in a
radial direction of the stator 7 and projected from the periph-
eral coating 34 1n an axial direction (vertical direction i FIG.
2) of the stator 7.

A partition 35 1s provided between the mnner support t32
and the outer support 33. The partition 35 1s projected from
the peripheral coating 34 1n the axial direction of the stator 7.
The partition 35 separates the inner support 32 from the outer
support 33 to form a space 36 in the radially outward part and
a space 37 in the radially inward part. The partition 35 1s
formed integrally with the end insulator 3 and has insulating
property. Therefore, the spaces 36 and 37 are electrically
insulated from each other by the partition 335. The partition 35
1s disposed 1n the radially outward part from the center with
respect to the radial direction of the stator 7 (horizontal direc-
tion 1n FIG. 2). Therefore, the space 37 1s spatially wider than
the space 36.

The excitation wire 4 and the output wires 5 and 6 are
wound around the tooth members 2 from the outside of the
end 1nsulator 3 at predetermined positions. The positions of
the excitation wire 4 and the output wires 5 and 6 are set
arbitrarily. In this embodiment, the excitation wire 4 1s wound
around the twelve tooth members 2 positively or negatively
by a predetermined number of turnings (number of windings)
in a concentrated fashion. The polarity of the excitation wire
4 positively wound around the tooth members 2 1s different
from the polarity of the excitation wire 4 negatively wound
around the tooth members 2.

A phase of the output wire 5 and a phase of the output wire
6 are different from each other by 90 degrees. A SIN output
voltage 1s outputted from the output wire 5, while a COS
output voltage 1s outputted from the output wire 6 responsive
to an input voltage from the excitation wire 4. The output wire
5 1s wound around the si1x tooth members 2 shown in FI1G. 1 by
a predetermined number of turnings 1n a concentrated fashion
so that a polanty 1s alternated. The output wire 6 1s wound
around the si1x tooth members 2 shown 1n FIG. 1 by a prede-
termined number of turnings in a concentrated fashion so that
a polarity 1s alternated.

As described 1n the foregoing, the excitation wire 4 and
either one of the output wires 5 and 6 are wound around each
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of the tooth members 2. As shown 1n FIG. 2, the excitation
wire 4 1s wound around from the outside of the end insulator
3 in such a fashion that the excitation wire 4 1s housed 1n the
space 36. Fither one of the output wires 5 and 6 1s wound
around from the outside of the end insulator 3 1n such a
tashion that the output wire 5 or 6 1s housed in the space 37.
Note that the output wire 6 1s wound around 1n the space 37 in
FIG. 2. Since the spaces 36 and 37 are in the electrically
insulated state due to the partition 35, the excitation wire 4 1s
reliably insulated from the output wires 5 and 6.

The winding method of the excitation wire 4 and the output
wires 5 and 6 1s not particularly limited. However, 1t 1s pos-
sible to efficiently wind the excitation wire 4 and the output
wires 3 and 6 around the tooth members 2 1n the concentrated
fashion by continuously winding a copper wire around the
tooth members 2 by using a flyer type or nozzle type winding
machine and {ixing crossovers each between the adjacent
tooth members 2 by latching the crossovers to the end 1nsu-
lator 3. As shown 1n FIG. 2, an excitation wire retaining part
38, an output wire retaiming part 39, and an output wire
retaining part 40 are formed between the adjacent tooth mem-
bers 2 on the outer periphery of the end insulator 3. The
excitation wire retaining part 38 retains the crossover of the
excitation wire 4. The output wire retaiming part 39 retains the
crossover of the output wire 5. The output wire retaining part
40 retains the crossover of the output wire 6.

As shown 1 FIGS. 2 and 3, the excitation wire retaining
part 38, the output wire retaining part 39, and the output wire
retaining part 40 have a stair-like shape wherein the excitation
wire retaining part 38 1s positioned at the bottom. Each of the
excitation wire retaining part 38, the output wire retaining
part 39, and the output wire retaining part 40 has the shape of
one step of stairs, which 1s formed of a horizontal surface and
a vertical surface. In other words, a comer formed by the
horizontal surface and the vertical surface 1s the excitation
wire retaining part 38, the output wire retaining part 39, or the
output wire retaining part 40. A width of the horizontal sur-
face and a height of the vertical surface are larger than a
diameter of the excitation wire 4 and the output wires S and 6.
The excitation wire 4 and the output wires 3 and 6 are latched
and positioned at the corners of the stair-like shape. Thus, the
crossover of the excitation wire 4, the crossover of the output
wire 5, and the crossover of the output wire 6 are positioned
without being brought into contact with one another and
clectrically insulated from one another without fail. Further,
an appropriate tension 1s applied on the crossovers during
winding work. Also, reliability of vibration resistance of the
variable reluctance type angle detector 1 1s enhanced. Note
that the crossovers of the excitation wire 4 and the output
wires 3 and 6 are omitted in FIG. 1.

FIG. 3 1s a partially enlarged view of one of the tooth
members 2. The excitation wire 4 and the output wire 6 are
wound around this tooth member 2. The excitation wire 4 and
the output wire 6 are drawn 1nto the tooth member 2 from the
excitation wire retaiming part 38 and the output wire retaining
part 40 on the outer periphery of the end msulator 3 through
a feed port 41. Therefore, a winding start portion 10 and a
winding end portion 11 of the excitation wire 4 are wired over
a substantially radial direction of the stator 7. Likewise, a
winding start portion 12 and a winding end portion 13 of the
output wire 6 are wired over the substantially radial direction
of the stator 7. As used herein, the winding start portion and
the winding end portion mean the portions wired from the
crossovers to the coil over the radial direction of the stator.

As described 1n the foregoing, the excitation wire 4 and the
output wire 5 or 6 are wound around each of the tooth mem-
bers 2 by the predetermined number of turnings, and the
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number of turnings of the excitation wire 4 1s smaller than that
of the output wire 5 or 6. Therelfore, the excitation wire 4 1s
wound 1n the space 36 which 1s smaller than the space 37 and
partitioned from the space 37 by the partition 35. Either one of
the output wires 5 and 6 1s wound around 1n the wider space
377. Since the partition 33 1s disposed 1n the radially outward
part, 1t 1s possible to reduce a length of each of the winding
start portion 12 and the winding end portion 13 of the output
wire 6 wound around 1n the space 37 which i1s positioned in
the radially inward part. Thus, the reliability of resistance to
vibration of the variable reluctance type angle detector 1 1s
enhanced.

As shown 1n FIG. 3, the feed port 41 1s formed at positions
corresponding to each of the tooth members 2 on the outer
periphery of the end insulator 3. Each of the feed port 41 1s
used for inserting the excitation wire 4 and the output wire 5
or 6 wound around the relevant tooth member 2. A part of the
outer support 33 1s cut 1n the axial direction of the stator 7 to
form the feed port 41. A first guiding unit 42 and a second
guiding unit 43 are formed at the feed port 41. The first
guiding unit 42 guides the winding start portion 10 of the
excitation wire 4. The second guiding unit 43 gudes the
winding end portion 11 of the excitation wire 4.

FIG. 4 1s an enlarged side view as viewed from the arrow 111
of FIG. 3. In FIG. 4, a part of the output wire 5 1s omitted for
convenience of description. As shown 1n FIGS. 3 and 4, the
first guiding unit 42 1s a groove. The groove 1s lower than a
position at which the excitation wire retaining part 38 sup-
ports the excitation wire 4. Also, the groove 1s so formed as to
orient the feed port 41 diagonal to the radial direction of the
stator 7. A depth of the groove 1s well larger than the diameter
of the excitation wire 4. The second guiding umit 43 1s banks
formed on both sides of the groove serving as the first guiding
unmit 42. A height of each of the banks 1s such that an upper
surface thereof reaches to the position at which the excitation
wire retaining part 38 supports the excitation wire 4. There-
fore, the first guiding unit 42 and the second guiding unit 43
has a difference 1n level for the depth of the groove, and this
difference in level keeps the winding start portion 10 and the
winding end portion 11 of the excitation wire 4 out of contact
with each other.

As shown in FIGS. 3 and 4, the winding start portion 10 of
the excitation wire 4 1s fitted into the first guiding unit
(groove) 42 to be guided to the tooth member 2 through the
feed port 41. The winding end portion 11 of the excitation
wire 4 1s supported by the second guiding unit 43 (banks) to
be guided to the excitation wire retaining part 38 through the
teed port 41. Thus, the winding start portion 10 and the
winding end portion 11 are guided without being brought into
contact with each other in the case where the winding start
portion 10 and the winding end portion 11 intersect with each
other. Thus, the winding start portion 10 and the winding end
portion 11 of the excitation wire 4 are electrically insulated
from each other without fail.

Since the first guiding unit 42 1s the groove, 1t 1s positioned
lower than the second guiding unit 43. That 1s, the first guid-
ing unit 42 1s positioned closer to the tooth member 2 1n the
axial direction of the stator 7 as compared to the second
guiding umt 43. Therefore, the winding start portion 10 of the
excitation wire 4 guided by the first guiding unit 42 1s posi-
tioned closer to the tooth member 2 as compared to the wind-
ing end portion 11. In the case where the excitation wire 4 1s
wound around the tooth member 2, the winding starts from
the winding start portion 10, and the winding end portion 11
1s ultimately drawn out to the outer periphery of the stator 7.
That 1s, the winding end portion 11 1s positioned more distant
from the tooth member 2 1n the axial direction of the stator 7
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as compared to the winding start portion 10. Therefore, the
first gmding unit 42 may preferably be positioned closer to the
tooth member 2 1n the axial direction of the stator 7 as com-
pared to the second guiding unit 43.

Depending on the direction (positive or negative) of the
winding of the excitation wire 4 on the tooth member 2, the
winding start potion 10 and the winding end portion 11 do not
intersect with each other. In such case, the first guiding unit 42
and the second guiding unit 43 are not used. That 1s, by
guiding the winding start portion 10 and the winding end
portion 11 to the tooth member 2 along both sides of the feed
port 41, the winding start portion 10 and the winding end
portion 11 are guided without being brought into contact with
cach other.

As shown 1n FIGS. 3 and 4, a third guiding unit 44 and a
fourth guiding unit 45 are formed on the partition 35. The
third guiding unit 44 guides the winding start portion 12 of the
output wire 6. The fourth guiding unit 45 guides the winding
end portion 13 of the output wire 6. As shown 1n FIG. 4, the
third guiding unit 44 1s a slit cut from an upper end of the
partition 35 1n the axial direction of the stator 7 and having a
width larger than the diameter of the output wire 6. The
bottom of a depth of the slit 1s lower than a position at which
the output wire retaining part 40 supports the output wire 6.
The fourth guiding unit 45 1s a slit cut from the upper end of
the partition 35 in the axial direction of the stator 7 and having,
a width larger than the diameter of the output wire 6. The
fourth guiding unit 45 1s formed at a position different from
that of the third guiding unit 44. The bottom of a depth of the
slit of the fourth gmding unit 45 1s at a level same as that of the
position at which the output wire retaining part 40 supports
the output wire 6. A difference in level ol the depths of the slits
1s formed by the third guiding unit 44 and the fourth gmiding
unit 44, so that the winding start portion 12 and the winding,
end portion 13 of the output wire 6 are not brought into
contact with each other.

As shown 1n FIGS. 3 and 4, the winding start portion 12 of
the output wire 6 1s fitted 1nto the third guiding unit 44 to be
guided from the feed port 41 to the radially inward part of the
partition 35. The winding end portion 13 of the output wire 6
1s fitted into the fourth guiding unit 45 to be guided to the
radially outward part of the partition 35, 1.¢. to the output wire
retaiming part 40. Thus, the winding start portion 12 and the
winding end portion 13 are guided without being brought into
contact with each other by the third gmiding unit 44 and the
fourth guiding unit 45 1n the case where the winding start
portion 12 and the winding end portion 13 intersect with each
other as shown 1n FIG. 3. Thus, the winding start portion 12 of
the output wire 6 and the winding end portion 13 of the output
wire 6 are electrically insulated from each other without fail.

By using the slit deeper than that of the fourth guiding unit
45 as the third guiding unit 44, the third guiding umt 44 1s
positioned closer to the tooth member 2 1n the axial direction
of the stator 7 as compared to the fourth guiding unit 44.
Therefore, the winding start portion 12 of the output wire 6
guided by the third guiding unit 44 1s positioned closer to the
tooth member 2 as compared to the winding end portion 13. In
the case where the output wire 6 1s wound around the tooth
member 2, the winding starts from the winding start portion
12, and the winding end portion 13 1s ultimately drawn out to
the outer periphery of the stator 7. That 1s, the winding end
portion 13 1s more distant 1n the axial direction of the stator 7
as compared to the winding start portion 12. Therefore, the
third guiding unit 44 may pretferably be positioned closer to
the tooth member 2 1n the axial direction of the stator 7 as
compared to the fourth guiding unit 45.
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Depending on the direction (positive or negative) of the
winding of the output wire 6 on the tooth member 2, the
winding start potion 12 and the winding end portion 13 do not
intersect with each other. In such case, the independent two
slits like the third guiding unit 44 and the fourth guiding unit
435 are not provided on the partition 35, and one wider slit may
be formed on the partition 35. By guiding the winding start
portion 12 and the winding end portion 13 to the inward part
of the partition 35 along both sides of the slit, the winding start
portion 12 and the winding end portion 13 are gmided without
being brought into contact with each other.

Though the tooth member 2 on which the excitation wire 4
and the output wire 6 are wound 1s shown 1in FIGS. 2 and 3, the
same applies to the tooth members 2 on which the excitation
wire 4 and the output wire 5 are wound. Though the structure
wherein: the number of the turnings of the excitation wire 4 1s
smaller than the number of turnings of the output wires 5 and
6; and the excitation wire 4 1s wound on the radially outward
part of each of the tooth members 2 1s described 1n this
embodiment, the output wires 5 and 6 may be wound on the
radially outward part o the tooth members 2 in the case where
the number of turnings 1s smaller than the number of turnings
ol the excitation wire 4.

As described 1n the foregoing, the partition 35 1s provided
on the end insulator 3 provided on the tooth members 2 of the
stator 7 1n the variable reluctance type angle detector 1, so that
the space 36 i which the excitation wire 4 15 wound 1s
insulated and separated from the space 37 1n which the output
wire 5 or 6 1s wound. Thus, the excitation wire 4 and the
output wire 5 or 6 are reliably 1sulated from each other 1n
cach of the tooth members 2.

Also, since the excitation wire retaining part 38 and the
output wire retaining parts 39 and 40 having the stair-like
shape are formed on the end 1nsulator 3, the crossovers of the
excitation wire 4 do not contact the crossovers of the output
wires 5 and 6. Thus, the excitation wire 4 1s reliably insulated
from the output wire 5 or 6 1n each of the tooth members 2.

Also, since the first guiding unit 42 and the second guiding
unit 43 are formed on the feed port 41 of the end insulator 3 to
generate the predetermined difference in level the winding
start portion 10 of the excitation wire 4 guided by the first
guiding unit 42 does not contact the winding end portion 11 of
the excitation wire 4 guided by the second guiding unit 43.
Thus, the winding start portion 10 and the winding end por-
tion 11 of the excitation wire 4 are reliably msulated from
cach other 1n each of the tooth members 2.

Also, since the third guiding unit 44 and the fourth guiding
unit 45 are formed on the partition 35 of the end 1nsulator 3 to
generate the predetermined difference 1n level, the winding
start portion 12 of the output wire 5 or 6 guided by the third
guiding unit 44 does not contact the winding end portion 13 of
the output wire S or 6 guided by the fourth guiding unit 45.
Thus, the winding start portion 12 and the winding end por-
tion 13 of the output wire 5 or 6 are reliably insulated from
cach other 1n each of the tooth members 2. Consequently, the
variable reluctance type angle detector 1 enhanced in reliabil-
ity of insulation 1s realized.

It 1s needless to mention that it 1s possible to make other
various modifications 1n this invention. Therefore, the fore-
going embodiments are described for the purpose of 1llustra-
tion and should not be understood 1n a limited way. Modifi-
cations existing in the true spirit and scope of this invention
are encompassed by this invention.
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What 1s claimed 1s:

1. A vanable reluctance type angle detector comprising:

a stator having a plurality of tooth members disposed 1n a
circle, each of the tooth members having an excitation
wire and an output wire wound thereon;

a rotor which rotates with respect to the stator and has such
a shape that a gap permeance varies 1 a sine wave
fashion with respect to an angle 0;

an end 1nsulator provided on the stator for isulating and
covering the tooth members;

the end 1nsulator has a partition that insulates and separates
the excitation wire from the output wire wound around
cach of the tooth members 1n a radial direction of the
stator; and

an excitation wire retaining part retaining a crossover of the
excitation wire and an output wire retaining part retain-
ing a crossover ol the output wire are formed at a posi-
tion corresponding to each of the tooth members on the

end msulator 1n a stair-like shape so that the crossover of

the excitation wire does not contact the crossover of the
output wire.

2. The variable reluctance type angle detector according to
claim 1, wherein the partition 1s disposed at a position out-
ward from a center 1n the radial direction of the stator of each
of the tooth members.

3. The variable reluctance type angle detector according to
claim 1, wherein the output wire 1s wound around each of the
tooth members at a predetermined position, and the output
wire retaining part has a stair-like shape having steps corre-
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one of the output wires does not contact the crossover of the
other one of the output wires.

4. The variable reluctance type angle detector according to
claim 3, wherein
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the end 1nsulator has a feed port positioned corresponding
to each of the tooth members and used for inserting the
excitation wire or the output wire to be wound at a
position of the stator radially outward from the partition,
and

a first guiding unit gmding a winding start portion of the

excitation wire or the output wire and a second guiding
unit guiding a winding end portion of the excitation wire
or the output wire are formed in such a fashion that a
predetermined difference 1n level i1s defined therebe-
tween to keep the winding start portion and the winding
end portion out of contact with each other.

5. The variable reluctance type angle detector according to
claim 4, wherein the predetermined difference 1n level 1s so
formed as to position the first guiding unit closer to the tooth
member 1n an axial direction of the stator as compared to the
second guiding unit.

6. The variable reluctance type angle detector according to
claim 3, wherein a third guiding unmit guiding the winding start
portion of the excitation wire or the output wire wound at a
position of the stator radially inward from the partition pro-
vided for each of the tooth members on the end msulator and
a fourth gmiding unit guiding a winding end portion of the
excitation wire or the output wire are formed 1n such a fashion
that a predetermined difference 1n level 1s defined therebe-
tween to keep the winding start portion and the winding end
portion out of contact with each other.

7. The variable reluctance type angle detector according to
claim 6, wherein the predetermined difference 1n level 1s so
formed as to position the third guiding unit closer to the tooth
member 1n an axial direction of the stator as compared to the
fourth guiding unait.
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